INTRODUCTION
============

The combination of inhaled corticosteroid (ICS) and long-acting beta-2 agonist (LABA) is currently widely used for asthma patients whose symptoms cannot be controlled with ICS alone. Among the various ICS/LABA combinations, the budesonide/formoterol inhaler can be used for maintenance therapy as well as for both maintenance and reliever therapy. For example, budesonide/formoterol maintenance and reliever therapy has been shown to efficiently prevent exacerbation of asthma.[@B1][@B2][@B3][@B4][@B5] Asthma exacerbation usually denotes worsening of asthma symptoms that requires intense management to prevent further deterioration.[@B6] In the study by Kuna et al.,[@B3] budesonide/formoterol maintenance and reliever therapy showed a 39% decrease in severe asthma exacerbations compared to the regimen consisting of inhaling a fixed dose of salmeterol/fluticasone. This preventive activity is based on the effects of both budesonide and formoterol; budesonide suppresses inflammation in early stages of exacerbation and formoterol provides rapid symptomatic relief by expanding the airway smooth muscle.[@B7] Budesonide/formoterol maintenance and reliever therapy is recommended for use in asthmatic patients in the current Global Initiative for Asthma (GINA) guideline[@B8] and in local guidelines in various countries. Despite achieving the treatment goal for asthma, there has been limited data on the under- and overuse of budesonide/formoterol maintenance and reliever therapy in real-life settings. In comparison to traditional treatment strategy, which typically uses a fixed-dose ICS/LABA combination as a maintenance treatment and a short-acting beta-2 adrenoceptor agonist (SABA) as a reliever, budesonide/formoterol maintenance and reliever therapy has been the subject of concern due to the possible under- and overuse of the budesonide/formoterol combination. Despite such concerns, safety issues associated with budesonide/formoterol maintenance and reliever therapy have not been reported in previous clinical trials.[@B9][@B10] Moreover, prospective clinical trials conducted to address safety concerns did not show any cases of overuse during budesonide/formoterol maintenance and reliever therapy.[@B11] However, these results were obtained from patients who met inclusion criteria, so that they do not sufficiently reflect real-life scenarios. Therefore, more data are needed to understand how asthmatic patients actually use budesonide/formoterol maintenance and reliever therapy in real life.[@B12] Accordingly, the present study aimed to investigate the use of budesonide/formoterol maintenance and reliever therapy in real-life settings.

MATERIALS AND METHODS
=====================

This 6-month study used an observational, multicenter, prospective, uncontrolled design with follow-up. The study was conducted in 82 centers throughout Korea between July 2007 and June 2008. The study participants included patients diagnosed with asthma on the basis of clinical manifestations or diagnostic test results and were being treated with Symbicort® (AstraZeneca, Seoul, Korea; a combination of 160 µg budesonide and 4.5 µg formoterol) Maintenance and Reliever Therapy (SMART). Patients who had participated in any other clinical trials at the time of enrollment were excluded. The study received approval from the Institutional Review Board of each relevant institution. To be eligible for the study, patients were required to give informed consent. Demographic information, gender, age, maintenance dose, start date of Symbicort®, asthma control status, and concomitant asthma medication use were recorded on an electronic case report form (e-CRF). All patients received education on usage of SMART; relevant instruction manuals were also distributed. Up to 6 months, *i.e.*, until the end of the study, information on the total daily use of Symbicort® (maintenance and reliever use) for the previous day was obtained every day from each patient by using an automated calling service (ACS) and short message service (SMS).

At the end of the trial, we obtained information on whether SMART would be continued, whether the reason(s) for discontinuation (in case) was gathered, and whether the information on asthma control status and concomitant asthma medications for follow-up outpatients was re-recorded. The diagnosis of asthma was confirmed at the time of enrollment and patients were treated with conventional methods. We also recorded cases where changes were made to the Symbicort® prescription.

The frequency of "as needed usage (PRN)" of Symbicort® as a reliever therapy was calculated by subtracting the prescribed maintenance from the total daily usage. For adult and adolescent patients aged 12 years and more, the recommended dosage of Symbicort® 160/4.5 µg is 2 inhalations once daily or 1 inhalation twice daily, and overuse is defined as daily usage frequency of 8 or more inhalations.[@B13][@B14] Patients with more than 8 inhalations daily should be strongly recommended to seek medical advice, although a total daily dose of up to 12 inhalations could be used for a limited period.[@B13]

RESULTS
=======

Of the 1,799 total participants, analysis was performed on data from 1,518 using Symbicort® 160/4.5 µg, whereas 71 who were given Symbicort® 80/4.5 µg, 68 who did not receive SMART education and/or the instruction manual, and 142 who did not use the ACS and SMS, were excluded ([Fig. 1](#F1){ref-type="fig"}). Of 1,518 participants included in this study, 1,292 (85.1%) completed the study. Baseline characteristics and concomitant medication are summarized in [Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}.

The most frequently prescribed maintenance dose of Symbicort® was single inhalation, 2 times a day (b.i.d.; n=848, 55.9%) ([Table 3](#T3){ref-type="table"}). There were 109 cases (7.8%) in which the maintenance dose was changed during the study period. The mean follow-up period during the study was 180.46±55.79 days. Analysis by age group showed that the participants in the 30-39 years age group had the highest mean number of response days, while those in the \<20 and ≥60 age groups showed a relatively lower mean number of response days (*P*=0.012).

The mean number of daily Symbicort® inhalations during the study period was 2.14±1.15 ([Fig. 2](#F2){ref-type="fig"}). Participants who inhaled PRN were 843 (55.5%). The mean number of PRN inhalations for all participants was 0.25±0.67 (median=0.01) ([Table 3](#T3){ref-type="table"}). The results demonstrated that most participants (92.5%) required a mean of one or fewer PRN inhalations per day. In total response period, no PRN inhalation use was 87.4% and more than 5 times reliever use per day was less than 1% in total period ([Fig. 4](#F4){ref-type="fig"}). The mean number of PRN inhalations per day was significantly higher in patients taking concomitant medication than in those not taking concomitant medication (0.28±0.73 vs 0.20±0.53, *P*=0.018).

Of the days on which the participants responded, the number of participants who inhaled Symbicort® less than the prescribed number was 1,341 (88.3%). The mean number of times Symbicort® was inhaled less than the prescribed number was 0.88±1.02 (median=0.40). The participants who inhaled \>0 and ≤1 time less than prescribed dose were most common (n=825, 54.4%). Only 11% (n=177) of the participants complied with the prescribed usage. Of the days on which the participants responded, the mean percentage of days on which the participants inhaled in compliance with the prescribed usage (having no days of under-inhalation) was 56.95%±41.04%.

Investigation of overuse (defined as exceeding 8 inhalations per day) showed that 260 participants (17.1%) overused the medication at least for 1 day. The mean number of days of overuse was 5.94±18.91 (median=1 day). Among the overusing patients, 58.5% inhaled more than 8 times for 1 day only and approximately 90% overused for less than 1 week.

[Table 4](#T4){ref-type="table"} shows the main characteristics of participants who overused Symbicort®. There were no differences between the 2 groups with respect to diagnostic methods for asthma, number of emergency department (ED) visits and hospitalizations, and daytime symptoms. However, the overuse group had a lower mean age with higher percentage of patients in the 20-29 age group (*P*\<0.001). The overuse group also showed higher rates of limited physical activities (*P*\<0.05) and nocturnal symptoms and/or sleep disorder (*P*\<0.001).

At the end of the trial, of the 1,163 participants who attended through outpatient visits and telephone responses, 1,096 continued SMART, and 1,036 were followed up on an outpatient basis and monitored for 6 months. An investigation into whether these patients were using other concomitant asthma medications along with Symbicort® showed that 525 patients (52.3%) were using concomitant medication, while 479 patients (47.7%) were not. The most common concomitant medications were leukotriene receptor antagonists (n=362, 69.0%) and theophylline (n=148, 28.2%), while 24 patients (4.6%) were using oral steroids. Despite being instructed to take Symbicort® as a reliever, 53 patients (10.1%) were using additional SABAs.

Analysis of asthma status at the end of the study showed improvement in the number of ED visits and hospitalizations, frequency of daytime symptoms, limitation of activities, and nocturnal symptoms and/or sleep disorder, as compared to the data recorded at the beginning of the study ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

Despite demonstrated benefits of SMART in many trials,[@B3][@B15][@B16][@B17] safety concerns regarding possible under- and overuse of ICS and beta-2 adrenoceptor agonists have not yet been fully addressed. Accordingly, this study aimed to identify the daily usage of SMART in real-life settings for asthmatic patients in Korea and to analyze overuse-related clinical features.

In this study, the mean daily frequency of PRN inhalations for symptom relief was below 1 inhalation per day (0.25±0.67), and although 17% of the patients took more than 8 inhalations per day, 90% of these patients overused for less than 7 days. The frequency of overuse was significantly higher in patients who were younger and had limited physical activities, nocturnal symptoms, or sleep disorder. According to a recent randomized controlled trial (RCT) conducted in New Zealand, the patient group on SMART used approximately 1.22 times higher cumulative ICS dose than the patient group using a fixed-dose method over the same period; however, SMART showed a significant reduction in the oral corticosteroid dose.[@B11] Results of the present real-life study showed that the frequency of overuse associated with SMART was not high. The percentage of patients who inhaled Symbicort® in compliance with the prescribed usage was 11%, whereas 34% of the patients used fewer than prescribed inhalations per day. Importantly, only a minority of them missed more than 1 inhalation per day.

At the end of the present study, the asthma status of follow-up outpatients showed a tendency to improve the number of ED visits and hospitalizations, the number of daytime symptoms, limitation of activities, and nocturnal symptoms and/or sleep disorder compared to early stages of treatment. Moreover, most of these patients were continuing with SMART. The percentage of patients who complied with their prescribed dose was lower in this study than in previous studies,[@B18] which can be due to overall improvement in the patient\'s asthma status from using SMART. The lower compliance rate observed in this study may also have been due to lack of provision of sufficient education to the patients on inhaler use, because the study was designed as a non-interventional observational one to measure the compliance rate via audience response system (ARS).

As a non-interventional and non-controlled study, this study has some limitations. First, it did not evaluate changes in Symbicort® dosage according to changes in daytime/nocturnal symptoms or changes in symptoms control. Secondly, asthma diagnosis was based on clinical manifestations and diagnostic methods may have differed between medical institutions. Generally, in Korea, asthma diagnosis and drug prescriptions are carried out in primary medical institutions, where utilization of pulmonary function test devices is very low. Therefore, the diagnostic criteria used in the study were determined to be acceptable. Thirdly, this study was unable to evaluate the impact of the patient\'s level of understanding about SMART overuse. The fact that the response rates were lower in patients younger than 20 or older than 60 years compared to other age groups indicated that there might have been some factors that did not allow these age groups to actively respond to ARS, and thus assessment on this matter is deemed necessary. Further well-designed and large-scale studies are needed to verify whether SMART can be truly helpful in improving drug compliance in Korea.

In this study, daily frequency of overusing inhalers during SMART was not high, which confirmed that SMART in real-life settings would be effective in asthma control without concerns of overuse. However, because the younger age group and patients with limitation of activities and nocturnal symptoms did show a high possibility of overuse, closer attention should be paid to these age groups. Additionally, education for proper inhaler use is expected to be helpful in preventing misuse.
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###### Selected demographics and participant clinical characteristics

![](aair-10-88-i001)

  Variable                                               Value (N=1,518)
  ------------------------------------------------------ -----------------
  Gender                                                 
   Male                                                  695 (45.78)
   Female                                                823 (54.22)
  Age (year)                                             
   Mean±SD                                               49.35±15.21
   Median                                                51
   Min-Max                                               15--87
   \<20                                                  30 (1.98)
   20--29                                                157 (10.34)
   30--39                                                232 (15.28)
   40--49                                                299 (19.70)
   50--59                                                381 (25.10)
   60--69                                                282 (18.58)
   70--79                                                125 (8.23)
   ≥80                                                   12 (0.79)
  Diagnostic criteria^\*^                                
   Clinical information                                  
    No                                                   434 (28.59)
    Yes                                                  1,084 (71.41)
   Elevation of FEV~1~ after inhaling a bronchodilator   
    No                                                   820 (54.02)
    Yes                                                  698 (45.98)
   Methacholine-induced bronchoconstriction test         
    No                                                   877 (57.77)
    Yes                                                  641 (42.23)
  Patients\' baseline characteristics                    
   No. of ED visit or hospitalization                    
    No                                                   1,313 (86.50)
    1                                                    157 (10.34)
    2                                                    33 (2.17)
    3                                                    7 (0.46)
    ≥4                                                   8 (0.53)
   Frequency of daytime symptoms                         
    No                                                   595 (39.20)
    1--2                                                 673 (44.33)
    ≥3                                                   250 (16.47)
   Limitation of activities                              
    No                                                   961 (63.31)
    Yes                                                  557 (36.69)
   Nocturnal symptoms and/or sleep disorder              
    No                                                   997 (65.68)
    Yes                                                  521 (34.32)

Values are presented as number of participants (%).

SD, standard deviation; FEV~1~, forced expiratory volume in 1 second; ED, emergency department.

^\*^Overlap count.

###### Summary of concomitant medication usage

![](aair-10-88-i002)

  Variable                           Value (N=1,518)
  ---------------------------------- -----------------
  Concomitant medication             
   Yes                               1,008 (66.40)
   No                                510 (33.60)
  Agent^\*^ (n=1,008)                
   SABA; inhaler                     81 (8.04)
   SABA; oral                        31 (3.08)
   LABA; inhaler                     22 (2.18)
   LABA; oral                        117 (11.61)
   Anticholinergics                  82 (8.13)
   Theophylline                      389 (38.59)
   Leukotriene receptor antagonist   692 (68.65)
   ICSs                              21 (2.08)
   Seretide®                         5 (0.50)
   Oral corticosteroid               119 (11.81)
   Other                             133 (13.19)

Values are presented as number of participants (%).

SABA, short-acting beta-2 adrenoceptor agonist; LABA, long-acting beta-2 agonist; ICS, inhaled corticosteroid.

^\*^Overlap count.

###### Summary of SMART usage

![](aair-10-88-i003)

  SMART status                    Value (N=1,518)
  ------------------------------- -----------------
  Treatment regimen               
   2 inhalations, b.i.d.          614 (40.45)
   1 inhalation, b.i.d.           848 (55.86)
   1 inhalation, q.d.             56 (3.69)
  Maintenance dosing adjustment   
   No                             1,289 (92.20)
   Yes                            109 (7.80)
  Follow-up period (day)          
   Mean±SD                        180.46±55.79
   Median                         190
   Min--Max                       1--278
  Average daily frequency         
   Mean±SD                        2.14±1.15
   Median                         1.99
   Min--Max                       0--9.26
  PRN inhalations                 
   PRN inhalations                
    No                            675 (44.47)
    Yes                           843 (55.53)
   Mean No. of PRN inhalations    
   Mean±SD                        0.25±0.67
    Median                        0.01
    Min--Max                      0--7.29

Values are presented as number of participants (%). Missing (patient): maintenance dosing variation (n=120).

SMART, Symbicort® Maintenance and Reliever Therapy; b.i.d., 2 times a day; q.d., once a day; PRN, as needed usage; SD, standard deviation.

###### Demographics and clinical characteristics of patients with overuse

![](aair-10-88-i004)

  Patients who used more than 8 inhalations   No (n=1,258)    Yes (n=260)   *P* value
  ------------------------------------------- --------------- ------------- -------------
  Gender                                                                    0.102^\*^
   Male                                       564 (44.83)     131 (50.38)   
   Female                                     694 (55.17)     129 (49.62)   
  Age (year)                                                                
   Mean±SD                                    50.24±14.95     45.05±15.72   \<0.001^†^
   Median                                     52.0            46.5          
   Min--Max                                   15--87          16--78        
   \<20                                       21 (1.67)       9 (3.46)      \<0.001^\*^
   20--29                                     112 (8.90)      45 (17.31)    
   30--39                                     190 (15.10)     42 (16.15)    
   40--49                                     240 (19.08)     59 (22.69)    
   50--59                                     325 (25.83)     56 (21.54)    
   60--69                                     250 (19.87)     32 (12.31)    
   70--79                                     108 (8.59)      17 (6.54)     
   ≥80                                        12 (0.95)       0 (0.00)      
  Asthma status^‡^                                                          
   No. of ED visits or hospitalization                                      0.769^\*^
    No                                        1,085 (86.25)   228 (87.69)   
    1                                         134 (10.65)     23 (8.85)     
    2                                         28 (2.23)       5 (1.92)      
    3                                         5 (0.40)        2 (0.77)      
    ≥4                                        6 (0.48)        2 (0.77)      
   Frequency of daytime symptoms                                            0.069^\*^
    No                                        507 (40.30)     88 (33.85)    
    1--2                                      554 (44.04)     119 (45.77)   
    ≥3                                        197 (15.66)     53 (20.38)    
   Limitation of activities                                                 0.006^\*^
    No                                        816 (64.86)     145 (55.77)   
    Yes                                       442 (35.14)     115 (44.23)   
   Nocturnal symptoms and/or sleep disorder                                 0.001^\*^
    No                                        849 (67.49)     148 (56.92)   
    Yes                                       409 (32.51)     112 (43.08)   
  Concomitant medication                                                    0.228^\*^
   No                                         431 (34.26)     79 (30.38)    
   Yes                                        827 (65.74)     181 (69.62)   
  Daily frequency of inhalation using SMART                                 \<0.001^†^
   Mean±SD                                    2.07±0.93       2.49±1.87     
   Median                                     1.99            1.96          
   Min--Max                                   0--5.43         0.04--9.26    

Values are presented as number of participants (%).

ED, emergency department; SD, standard deviation; SMART, Symbicort® Maintenance and Reliever Therapy.

^\*^Chi-square test; ^†^Unpaired *t* test; ^‡^Overlap count.

###### Change of asthma and clinical status of participants at the end of the trial

![](aair-10-88-i005)

  Asthma status^\*^                          At the beginning of the study (N=1,518)   At the end of the study (n=1,036)
  ------------------------------------------ ----------------------------------------- -----------------------------------
  No. of ED visits or hospitalization                                                  
   No                                        1,313 (86.50)                             1,007 (98.34)
   1                                         157 (10.34)                               16 (1.56)
   2                                         33 (2.17)                                 1 (0.10)
   3                                         7 (0.46)                                  0 (0.00)
   ≥4                                        8 (0.53)                                  0 (0.00)
  Frequency of daytime symptoms                                                        
   No                                        595 (39.20)                               838 (82.00)
   1--2                                      673 (44.33)                               165 (16.14)
   ≥3                                        250 (16.47)                               19 (1.86)
  Limitation of activities                                                             
   No                                        961 (63.31)                               937 (91.59)
   Yes                                       557 (36.69)                               86 (8.41)
  Nocturnal symptoms and/or sleep disorder                                             
   No                                        997 (65.68)                               963 (94.69)
   Yes                                       521 (34.32)                               54 (5.31)

Values are presented as number (%). Missing (patient): Number of ED visits and hospitalization (n=12), frequency of daytime symptoms (n=14), limitation of activities (n=13), nocturnal symptoms and/or sleep disorder (n=19), oral medications and steroids (n=23).

ED, emergency department; SD, standard deviation.

^\*^Overlap count.
